In recent years, increasing concerns regarding the energy costs and environmental effects of urban motorcycle use have spurred the development of hydrogen-electric motorcycles in Taiwan. Although gasoline-powered motorcycles produce substantial amounts of exhaust and noise pollution, hydrogen-electric motorcycles are highly energy-efficient, relatively quiet, and produce zero emissions, features that suggest their great potential to reduce the problems currently associated with the use of motorcycles in city environments. This study identified the significant external variables that affect consumers' purchase intentions toward using hydrogen-electric motorcycles. A questionnaire method was employed with a total of 300 questionnaires distributed and 233 usable questionnaires returned, yielding a 78% overall response rate. Structural equation modeling (SEM) was applied to test the research hypothesis. The research concluded that (1) product knowledge positively influenced purchase intentions but negatively affected the perceived risk; (2) perceived quality via hydrogen-electric motorcycles positively influenced the perceived value but negatively affected the perceived risk; (3) perceived risk negatively affected the perceived value; and (4) the perceived value positively affected purchase intentions. This study can be used as a reference for motorcycle manufacturers when planning their marketing strategies.
Introduction
Data published by Taiwan's Bureau of Energy (MOEA) (2015) [1] and the International Energy Agency (IEA) (2015) [2] identify the transportation sector as the main consumer of energy and the biggest producer of greenhouse gas emissions both in Taiwan and around the world. As such, the specific shortcomings in energy efficiency in this sector must be analyzed and addressed to save energy and, in turn, decrease greenhouse gas emissions. In Taiwan, motorcycles are an important means of transportation due to their high maneuverability, agility, and ease of parking, especially in metropolitan areas where traffic is dense. Such large numbers of motorcycles not only cause traffic jams, but also create air pollution and other negative impacts to the environment.
With accelerated climate change, environmental ethics has become an important issue among organizations as well as consumers. The increasing attention toward protection of the natural environment and environmental ethics has also altered consumer buying preference. "Green consumption" is considered as one of the broad categories of ethical consumption [3] . Compared with gasoline and lead-acid batteries, hydrogen batteries possess numerous advantages, such as zero pollution, high efficiency, low noise levels, and minimal vibration. They also provide rapid start-up and have a long life span. Therefore, regarding the trends in both environmental protection and energy efficiency, hydrogen-electric motorcycles have a developmental advantage in the future. However, the application of hydrogen batteries in electric motorcycles is still in the initial stage and customer acceptance of this new product type and other external variables still require further clarification.
Since not all consumers are familiar with hydrogen-electric motorcycles, product knowledge may seem to be more important. Wang and Hazen (2016) [4] thought that if consumers have different levels of familiarity for a product, then their levels of product knowledge and cognition will also vary, thereby affecting their purchase intentions. Research by Zhang and Hou (2017) [5] pointed out that for products with an external presence that are higher in price, the factor of perceived risk is relatively important, possibly affecting consumers' perception of value and their purchase intentions. In addition, product knowledge might also influence perceived risk, thereby becoming one of the important factors influencing consumers' purchase intentions [6] .
Given the research outlined above, this study focuses on hydrogen-electric motorcycles, which has been getting a lot of attention in recent years. We wanted to investigate whether the hydrogen-electric motorcycle affects consumers' purchase intentions or whether it generates any perceived value to consumers, thereby affecting their purchase intentions. We hope the findings will shed light on the influence of hydrogen-electric motorcycles on purchase intentions and its mechanism. Furthermore, if the causality between hydrogen-electric motorcycles and purchasing behavior can be identified, then the information could be useful to motorcycle manufacturers when they design their products and plan their marketing strategies.
Methods

Conceptual Model
In light of the research discussed above, this study aimed to investigate the influence of perceived risk, product knowledge, and perceived quality on consumers' purchase intentions. A conceptual model of the research is shown in Figure 1 . with gasoline and lead-acid batteries, hydrogen batteries possess numerous advantages, such as zero pollution, high efficiency, low noise levels, and minimal vibration. They also provide rapid start-up and have a long life span. Therefore, regarding the trends in both environmental protection and energy efficiency, hydrogen-electric motorcycles have a developmental advantage in the future. However, the application of hydrogen batteries in electric motorcycles is still in the initial stage and customer acceptance of this new product type and other external variables still require further clarification.
Given the research outlined above, this study focuses on hydrogen-electric motorcycles, which has been getting a lot of attention in recent years. We wanted to investigate whether the hydrogenelectric motorcycle affects consumers' purchase intentions or whether it generates any perceived value to consumers, thereby affecting their purchase intentions. We hope the findings will shed light on the influence of hydrogen-electric motorcycles on purchase intentions and its mechanism. Furthermore, if the causality between hydrogen-electric motorcycles and purchasing behavior can be identified, then the information could be useful to motorcycle manufacturers when they design their products and plan their marketing strategies.
Methods
Conceptual Model
In light of the research discussed above, this study aimed to investigate the influence of perceived risk, product knowledge, and perceived quality on consumers' purchase intentions. A conceptual model of the research is shown in Figure 1 . 
Research Hypothesis
Relationship between Product Knowledge and Purchase Intentions
According to Brucks (1985) [7] and Wood and Lynch (2002) [8] , the quantity of domain-specific knowledge about a product class that is stored in one's memory is defined as product knowledge. Such knowledge, according to Lin and Zhen (2005) [9] , is directly dependent upon the awareness or understanding of the given product among consumers, or upon their confidence in it. Coulter et al. (2005) [10] pointed out that the amount of product knowledge affects consumers' choice of product and brand.
When engaged in the process of purchasing a given product, the knowledge that consumers have about the product will affect their search behaviors, their processing of relevant information, their decision making, and, finally, their purchase intentions [7, 11] . For example, an empirical study conducted by Han and Stoel (2016) [12] found that in terms of searching for relevant information, the product knowledge of consumers has a significant and positive effect on their efforts.
The literature discussed here offers the following hypothesis for this study:
Hypothesis 1 (H1). Product knowledge via hydrogen-electric motorcycles positively affects consumers' purchase intentions.
Relationship between Perceived Quality and Purchase Intentions
Perceived quality is defined as consumers' judgment about a product's excellence or superiority [13] . Given that consumers typically lack information or have only asymmetric information upon which to base their judgments, it is thought that consumer trust may directly rely upon the perceived quality of a product or a brand, with such quality being viewed as a key indicator among consumers [14] .
Given that it essentially consists of a collection of attributes relating to consumer perceptions of the quality of a product or brand, perceived quality can amplify a positive word-of-mouth effect, lower customer management costs, boost price premiums, and raise purchase quantities [15, 16] . Tamimi and Sebastianelli (2016) [17] pointed out that when consumers perceive product quality as high, their perceived value of the product will be high too, thereby increasing their purchase intentions. In this light, we propose the following hypothesis: Hypothesis 2 (H2). Perceived quality of a product via hydrogen-electric motorcycles positively affects consumers' purchase intentions.
Relationship between the Product Knowledge and the Perceived Risk
A purchase decision often involves risk, especially when the post-purchase consequences are uncertain [18] . Prior research has asserted that the perceived risk is a combination of negative consequence and uncertainty and that the assessment of perceived risk would affect customer purchase decisions [19] [20] [21] . Cox (1967) [22] proposed three perspectives to assess the consumer risk: financial, social and psychological. Jacoby and Kaplan (1972) [23] refined this two-dimensional concept into a multidimensional one that has since been verified and become commonly used to evaluate social, financial, psychological, physical and performance risks. The way these risks are perceived is fairly critical for understanding how people react to the possible hazards associated with their choices [24] .
Empirical research by Klerck and Sweeney (2007) [6] proposed that both subjective and objective knowledge of a product would directly influence consumers' perceived risk. Given these propositions, we propose the following hypothesis: Hypothesis 3 (H3). The higher the product knowledge via hydrogen-electric motorcycles, the lower the consumers' perceived risk.
Relationship between Perceived Quality and Perceived Risk
Consumer decision making relies heavily upon the perceived quality such that, with respect to the alternatives within a given category, consumers will conduct comparisons of the quality of those alternatives in relation to their respective prices [25] . Accordingly, individual purchase decisions and brand loyalty are directly impacted by perceived quality, particularly under circumstances in which consumers must contend with a lack of information concerning the products they are seeking to buy [20, 26] . Dowling and Staelin (1994) [27] proposed that factors affecting consumers' perceived risk might include their character, product quality, purchasing situation, social culture, and other influences. Though the focus of this study is the influence of hydrogen-electric motorcycles on consumers' behavior, product quality and purchasing situation are also important factors that affect the perceived risk. Given this notion, we arrive at the following hypothesis:
Hypothesis 4 (H4). The higher the perceived quality of a product via hydrogen-electric motorcycles, the lower the consumers' perceived risk.
Relationship between Perceived Quality and Value
As the fundamental outcome of marketing efforts, the perceived value constitutes a first-order component of relationship marketing [28, 29] . The perceived value can be broken down, in turn, into two distinct components of its own, namely, the social, economic and relationship benefits gained by the consumer and the risk, effort, price, time and convenience-related sacrifices made by the consumer [29, 30] . Such benefits and sacrifices can be further specified for a particular type of product; for example, a measuring scale for determining the perceived value of restaurants was developed in which the perceived value was broken down into the five dimensions of monetary price, behavioral price, reputation, quality and emotional response [31] .
Fundamentally, perceived quality is determined by the evaluation of a given result and the comparison of that result to the consumer's prior expectations; as such, it is essentially a cognitive construct. The perceived value is also determined through an evaluation conducted by the consumer; however, in this case, the consumer compares the benefits and sacrifices associated with the purchase [32, 33] . According to Asshidin et al. (2016) [34] , performance and perceived quality combine to account for a portion of the positive component of functional value. Meanwhile, according to various value models, quality and price are viewed as having distinct and separate impacts on the perceived value, with the former seen as having a positive impact and the latter seen as having a negative impact [30, 35] . Ness et al. (2009) [36] and Ranjbarian and Pool (2015) [37] stated that perceived quality would positively influence the perceived value. Research by Cronin et al. (2000) [38] also suggested that the quality consumers perceive in a product has a significant influence on its perceived value. Based on these findings, we propose the following hypothesis:
Hypothesis 5 (H5). Perceived quality of a product via hydrogen-electric motorcycles positively influences consumers' perceived value.
Relationship between Perceived Risk and Purchase Intentions
The perceived risk significantly affects consumer behaviors because it essentially consists of a subjective expectation regarding a potential loss [21, 39] . According to perceived risk theory, purchasers are typically more inclined toward minimizing their perceived risks than they are toward maximizing their expected payoffs [39] . Given that the purchase probability and purchase intentions of a consumer are raised by a reduction in the perceived risk, it can be clearly seen that a negative association exists between the perceived risk and purchase intentions [39, 40] . The previous literature indicates that the perceived risk negatively affects customer purchase intentions [40, 41] . Chen and Chang (2012) [42] showed that the perceived risk and purchase intentions have a negative causality with trust, meaning that if enterprises wish to increase consumers' purchase intentions, they should lower products' perceived risk and increase confidence in the products. Given these results, we suggest the following hypothesis: Hypothesis 6 (H6). The higher the perceived risk of a product via hydrogen-electric motorcycles, the lower the consumers' purchase intentions.
Relationship between Perceived Risk and Value
Past studies have often considered perceived risk to be an antecedent of perceived value [16, 43] . Research by Agarwal and Teas (2001) [44] showed that the perceived risk plays an important role in forming consumers' perceptions of value. Studies by Hong (2015) [45] and Zhang and Hou (2017) [5] also suggested that for products with high external visibility and price, the perceived risk would become an important factor and might influence consumers' perceived value. Therefore, we arrive at the following hypothesis:
Hypothesis 7 (H7). The higher the perceived risk of a product via hydrogen-electric motorcycles, the lower the consumers' perceived value.
Relationship between Perceived Value and Purchase Intentions
Since the decisions of consumers are frequently based on incomplete or asymmetric information, the perceived values of products effectively serve as signals to customers that are likely to guide their purchase intentions in a positive manner [14] . Given that it fundamentally consists of a collection of features relating to consumer perceptions of product value, the perceived value can be boosted via the effects of positive word-of-mouth and can, in turn, enhance consumers' purchase intentions [16, 46] . Indeed, Gounaris et al. (2007) [47] reported that consumer purchase intentions and perceived value are positively related; as such, a loss of purchase intentions may occur due to a low level of perceived value [35] . On the other hand, a consumer will be more likely to purchase a given product if the consumer perceives the value of the product to be high [40] . To summarize and reiterate, the fact that customers' purchase intentions are positively influenced by customers' perceived value has been amply demonstrated by the past literature [48, 49] . Given the above, we propose the following hypothesis: Hypothesis 8 (H8). Perceived value of a product via hydrogen-electric motorcycles positively affects consumers' purchase intentions.
Questionnaire Design and Data Analysis Methods
After the design of the questionnaire was completed, three expert researchers were invited to examine the questions and their content appropriateness to confirm the content validity of the study. They recommended that the wording of five questions be amended, and a pre-test was then conducted using 10% (30) of the questionnaires to examine the reliability of the questionnaire's scale.
All questions for the variables were measured using a five-point Likert scale. The higher the score, the greater the value of the variable. This study investigated adult supermarket shoppers using purposive sampling to obtain the questionnaires. The survey was conducted in February and March of 2016. A total of 300 questionnaires were distributed, with 67 returned with irregularities. Thus, omissions of answers, incomplete answers, or those in which answers to all the questions were the same scale point were all deemed as invalid and removed. The 233 valid questionnaires represented a recovery rate of 78%.
Sample Data Analysis
In terms of the respondents' demographics, there were slightly more males than females (51.7% vs. 48.3%). The majority were from 31 to 40 years old (58.5%), a substantial minority being 41 to 50 years old (24.2%). Most of the respondents had a university degree (59.1%) followed by senior high school qualifications (21%). Occupation-wise, almost half were from the service industry (49.2%) followed by staff from the military and government sectors (12.6%). The respondents' average monthly income was mostly between NT$30,001 and 40,000 (50.1%) followed by those under NT$30,000 (38.8%). In terms of geographic distribution, respondents resided mainly in Taipei (28.9%), Taichung (20.1%) and Kaohsiung (20.3%).
Results
Measurement Model
The analysis started with a confirmatory factor analysis (CFA) using AMOS 16.0. The measurement model contains five latent constructs (Figure 1 ). After an initial CFA analysis, the revised model shows an appropriate level of model fit as seen in Table 1 (χ 2 /df = 2.599, RMSEA = 0.071, CFI = 0.957, NFI = 0.923, AGFI = 0.819). All values for composite reliability, which ranged from 0.730 to 0.872, clearly exceeded the minimum threshold of 0.60. This result supported internal consistency among the items for each construct. In addition, all AVE values in the present study were greater than 0.50, thus supporting convergent validity. Finally, the degree of discriminant validity was acceptable and the AVE value for each study variable clearly exceeded the squared value for its correlations with other study variables [50] . 
Path Model
The proposed model was evaluated by running Structural Equation Modeling (SEM) with the maximum likelihood estimation method. The goodness-of-fit statistics indicated a satisfactory fit (χ 2 /df = 2.599, RMSEA = 0.071, CFI = 0.957, NFI = 0.923, AGFI = 0.819). Results from the SEM revealed that the proposed model explained 78.5% of the total variance in purchase intentions and accounted for 67.2% of the variance in the perceived risk and the value. The findings indicated that our proposed model has a satisfactory predictive ability in outcome variables. The results of the structural model are described in Figure 2 and Table 2 , revealing that six of eight hypotheses were supported, the exceptions being H2 (β = −0.105, p > 0.05) and H6 (β = −0.226, p > 0.05). After verification, six of the eight hypotheses of the proposed model obtained supporting results and were established. The exceptions were H2 and H6, which failed to obtain significant support. Figure 2 shows the empirical analysis chart. The results of the fit indicators for the hypothesis model are shown in Table 1 , indicating that the overall goodness-of-fit for the structural model was acceptable. Based on the SEM results for the path analysis of the hypothesis model, we discovered that the relationship between one variable and another could be divided into direct and indirect effects. According to Chiou (2011) [51] , a significant regression coefficient of error in the model means that the causal variable has a direct effect. Besides the direct effect, there was also the possibility of an indirect effect between two variables. If there were one or more mediated variables, then the direct effect between two variables would be significant. If any of the direct effects were not significant, then no indirect effect would be established. The results showed that the perceived value played an important intermediary role in the separate influences of perceived quality and risk on purchase intentions. The relationships among the numerous variables are shown in Table 3 . After verification, six of the eight hypotheses of the proposed model obtained supporting results and were established. The exceptions were H2 and H6, which failed to obtain significant support. Figure 2 shows the empirical analysis chart. The results of the fit indicators for the hypothesis model are shown in Table 1 , indicating that the overall goodness-of-fit for the structural model was acceptable. Based on the SEM results for the path analysis of the hypothesis model, we discovered that the relationship between one variable and another could be divided into direct and indirect effects. According to Chiou (2011) [51] , a significant regression coefficient of error in the model means that the causal variable has a direct effect. Besides the direct effect, there was also the possibility of an indirect effect between two variables. If there were one or more mediated variables, then the direct effect between two variables would be significant. If any of the direct effects were not significant, then no indirect effect would be established. The results showed that the perceived value played an important intermediary role in the separate influences of perceived quality and risk on purchase intentions. The relationships among the numerous variables are shown in Table 3 . 
Discussion
Based on the results of the empirical analysis, the hypotheses are discussed below, beginning with H1 (Better product knowledge via hydrogen-electric motorcycles will have a significant and positive influence on consumers' purchase intentions). The empirical results for H1 were consistent with those obtained by Brucks (1985) [7] ; specifically, the extent of consumer knowledge about hydrogen-electric motorcycles (such as functions and method of use) influences consumers' purchase intentions of hydrogen-electric motorcycles. Therefore, our results would support a recommendation that players in the motorcycle industry should strengthen their knowledge on hydrogen-electric motorcycles and intake. Creating a stronger impression on consumers might help to increase consumers' purchase intentions for a company's products.
Two of the hypotheses were not supported: H2 (Higher perceived quality of a product via hydrogen-electric motorcycles will have a significant and positive influence on consumers' purchase intentions) and H6 (A higher perceived risk via hydrogen-electric motorcycles will have a significant and negative influence on consumers' purchase intentions).
The lack of significant support for these hypotheses is not consistent with theories by researchers such as Asshidin et al. (2016) [34] ; rather, this research infers that for hydrogen-electric motorcycles, consumer perceived quality needs to go through the formation of consumer perceived value to affect purchase intention. The results for H6 are inconsistent with the research done by Klerck and Sweeney (2007) [6] , which stated that the perceived risk will affect consumer purchase behaviors and decisions. This difference in results may be because the researchers conducted their investigations in different industries. Consumers may need time to observe and evaluate, and, when their perceived value has been raised-that is, when consumers feel that hydrogen-electric motorcycles have a reference value and when the obtained value is more than the actual cost-the result will be a higher intention to consume.
The empirical results for H3 (Better product knowledge via hydrogen-electric motorcycles will have a significant and negative influence on consumers' purchase intentions owing to the perceived risk) are consistent with those obtained by Klerck and Sweeney (2007) [6] . Both subjective and objective knowledge of a product result in the perceived risk for consumers. Thus, the negative relationship between the product knowledge and the perceived risk is supported.
With regard to H4 (A higher perceived quality of a product via hydrogen-electric motorcycles will have a significant and negative influence on consumers' purchase intentions owing to the lower perceived risk), the negative influence of perceived quality on the perceived risk is supported. We further found that product quality as reflected on hydrogen-electric motorcycles provided by motorcycle industry players will cause consumers to have different levels of perceived risk.
Research results for H5 (A higher perceived quality of a product via hydrogen-electric motorcycles will have a significant and positive influence on consumers' purchase intentions owing to a greater perceived value) showed that the relationship between consumers' perceived quality and the value is consistent with results obtained by Ranjbarian and Pool (2015) [37] and Cronin et al. (2000) [38] . Perceived quality plays an important role in the formation process of perceived value, meaning that service quality (including the provision of hydrogen-electric motorcycles) would increase consumers' perceived value, thereby positively influencing their purchase intentions.
We noticed that when consumers felt that the quality of hydrogen-electric motorcycles (in terms of functions and ingredients quality) did not meet their expectations or might result in a higher switching cost, they displayed uncertainty or discomfort, resulting in the reduction of the perceived value of the product. Thus, H7 is supported: A high perceived risk via hydrogen-electric motorcycles will have a significant and negative influence on consumers' purchase intentions owing to a lower perceived value. This result is consistent with those from empirical research by Agarwal and Teas (2001) [44] , which stated that the perceived risk plays a very important role in the formation process of consumers' perceived value. It is also consistent with inferences from the research done by Hong (2015) [45] and Zhang and Hou (2017) [5] , which stated that the perceived risk of a product with high external visibility and price was an important factor that might influence consumers' perceived value.
Finally, the results of this research found that when consumers have a high perceived value of hydrogen-electric motorcycles, that is, when they see the reference value of hydrogen-electric motorcycles, they are more willing to pay the price to purchase hydrogen-electric motorcycles. Hence, H8 was supported: A higher perceived value for the product via hydrogen-electric motorcycles will have a significant and positive influence on consumers' purchase intentions. This finding is consistent with those of Petrick (2002) [31] and Asshidin et al. (2016) [34] , which stated that a higher perceived value would increase consumers' purchase intentions.
Conclusions
Two main conclusions may be drawn from the empirical results of this study:
1. Correct product knowledge lowers consumers' uncertainty regarding hydrogen-electric motorcycles and increases their purchase intentions
The research results showed that when consumers are choosing a product, the ease of understanding the hydrogen-electric motorcycles lowers their uncertainty, thereby positively influencing their purchase intentions. When consumers have a high level of knowledge and cognition about hydrogen-electric motorcycles, the perceived risk is reduced, thereby increasing their purchase intentions. In addition, this study also discovered that perceived quality (such as product and service qualities) lowers consumers' perceived risk, revealing that nowadays, consumers focus not only on the quality of tangible products but also on that of intangibles, such as service quality. Therefore, in addition to informing consumers with enough information about how hydrogen-electric motorcycles work, motorcycle industry players should also provide a guarantee of the product's quality. Doing so will likely improve consumers' trust of products with hydrogen-electric motorcycles and also help the industry to promote relevant information via hydrogen-electric motorcycles, thus increasing consumers' purchase intentions.
Consumers' perceived quality and risk influence purchase intentions through the perceived value
The results indicate that if consumers perceive that a product has good quality, the perceived value of hydrogen-electric motorcycles will also increase, causing them to be willing to pay more to purchase it. Perceived quality also reduces the uncertainty consumers feel regarding hydrogen-electric motorcycles. Over time, decreased uncertainty can increase consumers' perceived value of a product, thus increasing their purchase intentions.
In the extremely competitive motorcycle marketplace, one of the biggest challenges for motorcycle industry academics and practitioners is to uncover an effective way for hydrogen-electric motorcycles to have a positive influence on consumers' purchase intentions. The findings of this study may help motorcycle industry researchers and practitioners acquire the empirical evidence to show that it has the significant role in determining hydrogen-electric motorcycle purchase intentions. Our empirical results were in line with the existing notion that product knowledge, perceived risk, quality, and value affect consumers' purchase intentions [7, 31, 34] . Moreover, the findings of this study also included the full identification of the complex relationships among the various elements of perceived value and perceived risk as well as the impacts of these relationships on consumer purchase intentions. Taken together, the study's findings indicate that to encourage consumers to perceive a greater value in hydrogen-electric motorcycles and, in turn, to have favorable purchase intentions toward them, academic professionals and industry practitioners in the motorcycle industry should carefully scrutinize the perceptions of consumers in comparison to product outcomes so as to determine precisely how the perceived value and purchase intentions could be increased. design; the collection, analysis, and interpretation of data; the writing of the report; or the decision to submit the article for publication.
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